Background-Screening for hearing loss in English children at entry to school (age 5-6 years) is usually by pure tone audiometry sweep undertaken by school nurses. This study aimed to compare the validity and screening rates of pure tone audiometry with impedance screening in these children. Methods-Two stage pure tone audiometry and impedance methods of screening were compared in 610 school entry children from 19 infant schools in north east England. Both procedures were completed by school nurses. The results of screening were validated against subsequent clinical assessment, including otological examination and actions taken by an independent assessor. Results-Both methods produced broadly
similar validation indices after two stages of screening: sensitivity was 74.4% for both methods; specificity was 92.1% and 90.0%; and predicted values of a positive test 43.2% and 37.6% respectively for pure tone audiometry and impedance methods. Single stage screening in both methods produced higher sensitivity but lower specificity and predictive values of a positive test than two stage screening. Screening rates were appreciably higher with impedance methods than with pure tone audiometry. Conclusions-In choosing the method to be used, it must be borne in mind that the impedance method is technically more efficient but takes longer than pure tone audiometry screening. However, the latter method allows opportunity for other health inquiries in these children.
(7 Epidemiol Community Health 1997;51: 7 11-715) Hearing loss in children may influence their educational attainment both by compromising the development of perceptual and linguistic abilities and through reducing the input of aurally acquired information.' Early detection followed by appropriate intervention is therefore important to minimise the effects of hearing deficit on subsequent educational attainment.2 A survey of district health authorities in Britain showed that screening for hearing loss through distraction testing by health visitors in babies aged 6-9 months and a pure tone audiometry sweep shortly after entry to school were practised relatively uniformly.3 Otitis media with effusion is the principal cause of hearing loss in infant school children, however,4 and pure tone audiometry in children is ineffective in detecting early middle ear effusion that may proceed to hearing loss.' This condition may be detected using otoadmittance tympanometry (impedance), which also takes less time to administer as a screening procedure.6 7 A previous study comparing impedance screening with pure tone audiometry found that the sensitivity and predictive value of a positive test in two stage impedance screening were noticeably better than with pure tone audiometry.7 However, the impedance screen was carried out by a doctor, while school nurses undertook pure tone audiometry. The apparent superiority of impedance screening was further examined in a study of children entering infant school who were screened by nurses using both methods. The study aimed therefore to compare the processes and outcomes of pure tone audiometry and impedance investigations undertaken by school nurses in children entering school. An additional objective was to compare the costs of the two methods.
Methods
Children aged 5 and 6 years in 19 infant/ primary schools in Redcar and Cleveland local authority area in north east England were the potential study subjects. The 19 schools used were those in which screening for hearing loss was already scheduled to take place in the study period. Children already known by the school nursing service to have middle ear or hearing disorders or previous ear surgery were, however, excluded from further study. The schools were randomly allocated into groups A and B. After permission from parents, children in group A were first screened at school by the pure tone audiometry method and then by the impedance technique. Children in group B schools were screened in reverse order (stage 1).
The pure tone audiometry tests were carried out by nine different nurses who adopted the usual district guidelines for assessment. Hence any child who was unable to hear pure tones of 20 dB intensity in either ear in the range of frequencies 0.25-4 kHz was considered to have screened positive (equivalent to failing the test). All impedance tests were carried out by Holtby The results of the examinations by the independent assessor were used as the reference standard against which the prior screening tests were judged. Those children who had normal hearing on pure tone audiometry tests-that is, those who were able to hear pure tones of 20 dB or less in both ears at all frequencies-and who had normal otoscopic examination or an unimportant abnormality with no implications for treatment were discharged. Those Those children found to be positive for first stage pure tone audiometry or impedance testing were retested using the same method after an interval of six weeks or more. The proportions of those who became negative at second stage screening were recorded in relation to the time intervals between the two stages of screening. No trend with time in the proportion becoming negative was found using either method.
Of the 117 children seen by the independent assessor at stage 3, 11 (9.4%) had been referred by their GP for specialist testing at the aural clinic in addition to being screened as positive. Altogether 115 (98.3%) had a pure tone audiometry test and 89 (76.1 %) an impedance test at this third stage, in addition to otoscopy by the independent assessor.
A question about parental awareness of hearing loss in their child was asked by the independent assessor before examination at stage 3. In children who had been screened as positive at stage 2 using pure tone audiometry, 29.0% of parents had been suspicious of hearing loss compared with 26.7% of those who had passed stage 2 pure tone audiometry and who also attended the aural clinic as their child had failed second stage impedance. Similarly, 26.9% of parents of those children who failed the second stage impedance had noticed a hearing loss compared with 22.2% of those children who had passed the impedance test and who also attended the aural clinic because they had failed second stage pure tone audiometry. None of these differences was significant (p > 0.05).
We investigated, in part, the implications of changing the criteria for designating a test as positive at impedance screening by examining the stage 2 impedance measurements in those children whose hearing was subsequently defined as abnormal by the independent assessor at stage 3. That is, we were able to note those abnormal cases detected through the pure tone audiometry screening who would have been missed by less sensitive impedance criteria. In this study, a tympanic pressure reading of -200 mm or greater negative pressure was designated as a "fail" at screening.
A potentially more sensitive negative pressure criterion of -150 mm would not have detected any additional abnormal cases at outcome. Using a compliance volume criterion of less than 0.2 ml of water instead of less than 0.3 ml would have missed one subsequently abnormal case. The absence of a stapedial reflex at 80 dB alone would have detected 19 out of 40 (47.5%) of the abnormal cases at outcome whereas absence of the reflex at 100 dB alone would only have detected 4 (10.0%) abnormal cases. Tables 2 and 3 show the passage of children through the screening pathway, separately for each screening method but based on results pertaining to the child (either ear). It should be noted particularly that these tables exclude children who were initially screened as positive but failed to attend for later screening or assessment. Table 4 We noted greater variation in the positive screening rates between the nurses in pure tone audiometry compared with impedance techniques. Part of this variation may have been because of different levels of background noise in the schools. However, morbidity differences between schools was also a possibility. Since each school was visited by only one nurse, it was not possible to separate nurse effects from school effects.
The parameters for a child to fail-that is, to be found positive to impedance testing-were changed compared with the previous comparative study7 and illustrate the robustness of sensitivity in the individual criteria used with regard to compliance volume and negative pressure. For example, the results show that had the potentially more sensitive parameters of the previous study been adhered to, only one child would have been negative to impedance screening yet would have had abnormal findings on clinical examination. That is, one child with abnormal clinical findings had a compliance volume of > 0.2 ml but < 0.3 ml. The fall in the potential sensitivity of the tympanic pressure reading criterion in this study apparently resulted in the loss of no additional positive cases (assuming that such children would have screened positive by pure tone audiometry screening). However, our investigation of both of the above factors is only partial since we do not have the outcome results of those who were not seen at stage 3. On the basis of the results obtained in this investigation, the use of stapedial reflexes in the impedance screening process can only be as an adjunct to the other information obtained from the tympanogram.
There was no significant difference between the proportions of parents who suspected hearing loss in their children, irrespective of the
